We present results from a monitoring campaign performed with the Chandra X-ray Observatory of the gravitationally lensed quasars RX J1131−1231 and HE 1104−1805. We detect significant X-ray variability in all images of both quasars. The flux variability detected in image A of RX J1131−1231 is of particular interest because of its high amplitude (a factor of ∼ 20). We interpret it as arising from microlensing since the variability is uncorrelated with that of the other images and the X-ray flux ratios show larger changes than the optical as we would expect for microlensing of the more compact X-ray emission regions. The differences between the X-ray and optical flux ratios of HE 1104−1805 are less dramatic, but there is no significant soft X-ray or dust absorption, implying the presence of X-ray microlensing in this system as well. Combining the X-ray data with the optical light curves we find that the X-ray emitting region of HE 1104−1805 is compact with a half-light radius < ∼ 6r g , where the gravitational radius is r g = 3.6 × 10 14 cm, thus placing significant constraints on AGN corona models. We also find that the microlensing in HE 1104−1805 favors mass models for the lens galaxy that are dominated by dark matter. Finally, we better characterize the massive foreground cluster near RX J1131−1231, set limits on other sources of extended X-ray emission, and limit the fluxes of any central odd images to be 30-50 (3σ) times fainter than the observed images.
introduction
Resolving the emission regions of distant quasars is beyond the current capabilities of present-day telescopes, as direct imaging of accretion disks requires angular resolutions on the order of tens of nanoarcseconds at z ∼ 1. Until the spatial resolution of telescopes reaches this limit, we will have to rely on indirect methods of mapping the emission regions of quasars. Such methods include light-travel time arguments, reverberation mapping of the broad line region (Blandford & McKee 1982; Peterson 1993 , Netzer & Peterson 1997 , reverberation mapping of the Fe Kα emission region (Young & Reynolds 2000) , occultation measurements of the central X-ray source by orbiting Compton thick clouds (Risaliti et al, 2007) , and microlensing of the continuum and line emission regions (e.g., Grieger et al. 1988 and Schneider, Ehlers & Falco 1992; Gould & Gaudi 1997; Agol & Krolik 1999; Yonehara et al. 1999; Chartas et al. 2002a; Popovic et al. 2003; Blackburne et al. 2006; Pooley et al. 2006 Pooley et al. , 2007 Kochanek et al. 2007; Jovanovic et al. 2008; Morgan et al. 2008a Morgan et al. , 2008b .
We observe microlensing as uncorrelated variability in the brightnesses of the images of a lensed quasar, where the amplitude of the variability is determined by the size of the emission regions (e.g., Lewis et al. 1998; Popovic & Chartas 2005) . The largest components, the radio, dust and optical line emission regions, should show little or no microlensing variability. The thermal continuum emission from the disk should show greater variability at shorter wavelengths corresponding to smaller disk radii and higher temperatures, and this has been observed by Poindexter et al. (2008) and Anguita et al. (2008) . The non-thermal Xray emission is thought to be dominated by inverse Compton scattering of UV photons from the disk (e.g., Reynolds & Nowak 2003) , some of which is reprocessed into Fe Kα line emission (e.g., George & Fabian 1991; Mushotzky et al. 1993 ) but the geometry and scale of these emission regions is not well understood.
The effects of microlensing on the X-ray fluxes of lensed images have been reported for many lenses at this point, including Q0957+561 (e.g., Chartas et al. 1995) , RX J0911+0511 (e.g., Morgan et al. 2001; Chartas et al. 2001) , H1413+117 (e.g., Chartas et al. 2004 Chartas et al. , 2007 , PG 1115+080 Morgan et al. 2008b) , and RX J1131−1231 (e.g., Blackburne et al. 2006; Kochanek et al. 2007; Dai et al. 2008 ). The differences between the X-ray flux ratios and optical flux ratios can be used to estimate the source size after accounting for absorption by the interstellar medium of the lens (e.g., Dai & Kochanek 2008 ) and the effects of substructures (satellites) in the lens halo (Mao & Schneider 1998) . Pooley et al. (2007) used observed X-ray and optical flux ratios for ten four-image lensed quasars to show that the X-ray source is much more strongly microlensed than the optical source, indicating that the X-ray emission region is more compact than the optical. They also found that their estimates of the optical source sizes were significantly larger than would be expected based on the observed, magnificationcorrected optical fluxes. Morgan et al. (2008a) measured the sizes of the optical emission regions of 11 quasars using microlensing to find that the sizes scaled with black hole mass as expected from thin disk theory (Shakura & Sunyaev 1973) and had approximately the sizes expected from thin disk theory, but confirmed the Pooley et al. (2007) result that these sizes, both microlensing and theoretical, are larger than expected given the observed optical flux and the same disk model.
Accurate microlensing estimates of the sizes of the Xray emission regions requires X-ray light curves rather than isolated epochs. First, the absolute magnifications of lensed images are not well understood because substructure in the lens galaxy can modify the fluxes from the predictions of lens models (e.g., Mao & Schneider 1998; Dalal & Kochanek 2002) . While comparing optical and X-ray flux ratios provides estimates for the difference in size between the emission regions, the lack of a secure estimate of the intrinsic flux ratios makes it difficult to set an absolute scale. Second, quasars have intrinsic variability that appears in the images with relative time delays, which means that instantaneous flux ratios are contaminated by the effects of time variability modulated by the delays. Third, while the source size ultimately determines the amplitude of microlensing variability, the instantaneous values are a combination of the source size and the location of the source in the complex microlensing magnification patterns. Monitoring the variability minimizes these problems and should lead to far more accurate estimates of the sizes.
We have been monitoring roughly 25 lenses in the optical to measure time delays (e.g., Kochanek et al. 2006) and to study quasar structure (e.g., Morgan et al. 2008a; Poindexter et al. 2008) . From this sample we selected a small subset with reasonable X-ray fluxes for monitoring with the Chandra X-ray Observatory. Given a wellsampled optical light curve that can be used to determine the size of the optical/UV emission region and act as a microlensing variability "reference," we can afford to sample the X-ray microlensing variability relatively sparsely. In this paper we present the X-ray observations of the lensed quasars RX J1131−1231 (z s = 0.658) and HE 1104−1805 (z s = 2.32). The optical data for RX J1131−1231 and HE 1104-1805 are presented in Morgan et al. (2006) and Poindexter et al. (2007) respectively, and the optical microlensing results are presented in Morgan et al. (2008a) and Poindexter et al. (2008) . Here we carry out a microlensing analysis of HE 1104−1805, while a companion paper, Dai et al. (2009) , does so for RX J1131−1231. We discuss the observations and data analysis in §2, study the microlensing of HE 1104-1805 in §3 and summarize our results in §4. Throughout this paper we adopt a Λ-dominated cosmology with H 0 = 70 km s −1 Mpc −1 , Ω Λ = 0.7, and Ω M = 0.3.
x-ray observations and data analysis
We monitored RX J1131−1231 and HE 1104−1805 with the Advanced CCD imaging Spectrometer (ACIS; Garmire et al. 2003) on board the Chandra X-ray Observatory (hereafter Chandra) using short (∼ 5 ksec) snapshot observations. We obtained 5 epochs for each lens in 2006 placing the sources on the back-illuminated S3 chip of ACIS. We combined these with archival observations of RX J1131−1231 in April 2004 and HE 1104 −1805 in February 2000 . A log of the observations that includes observation dates, observed count rates, total exposure times, and observation identification numbers is presented in Table 1 . We analyzed the data using the standard software CIAO 4.0 provided by the CXC. We used standard CXC threads to screen the data for status, grade, and time intervals of acceptable aspect solution and background levels. We removed the ± 0 ′′ .25 spatial randomization applied to the event positions by the standard pipeline and instead used the sub-pixel resolution techniques developed by Tsunemi et al. (2001) and Mori et al. (2001) in order to improve the image resolution.
The Chandra spectra of RX J1131−1231 and HE 1104−1805 were fit with a variety of models employing XSPEC version 12 (Arnaud 1996) . For all spectral models of RX J1131−1231 and HE 1104−1805 we included Galactic absorption due to neutral gas (Dicky & Lockman 1990 ) with column densities of N H = 3.6 × 10 20 cm −2 and 4.6 × 10 20 cm −2 , respectively. We use 90% confidence level uncertainties unless otherwise stated.
Spatial and Spectral Analysis
For estimating the X-ray counts of images B, C, and D of RX J1131−1231 we extracted events from circular regions with radii of 1.5 arcsec slightly off-center from the images to reduce contamination from nearby images (see panel (c) of Fig. 1 ). To estimate the X-ray counts of image A of RX J1131−1231, which lies between images B and C, we extracted events within a 0.75 arcsec circular region centered on A. Aperture corrections were applied to all images to account for counts not included in the extraction regions. For estimating the X-ray counts of images A and B of HE 1104−1805 we extracted events from circular regions centered on the images with radii of 1.5 arcsec. The backgrounds for RX J1131−1231 and HE 1104−1805 were determined by extracting events within an annulus centered on the mean location of the images with inner and outer radii of 7.5 arcsec and 50 arcsec, respectively. Contamination between images was minimized and made insignificant by the application of the sub-pixel resolution technique and the use of appropriately sized and offcenter extraction apertures. We also corrected for "pileup," an instrumental effect that occurs when two or more X-ray photons strike individual or neighboring CCD pixels within one frame time. Neglecting these corrections can cause spectral distortion, grade migration and distortion of the image PSF. We used the forward spectral-fitting tool LYNX (Chartas et al. 2000) to estimate the fraction of events lost due to the pile-up effect. Blackburne et al. (2006) did not include pile-up corrections, so our present results should be more reliable. In particular, pile-up usually leads to energy spectra that appear harder, and this likely explains the differences in the X-ray spectral hardness ratios reported by Blackburne et al. (2006) and our present results.
In Figure 1 we show the Lucy-Richardson deconvolved images in the 0.2-8 keV bandpass of the Chandra observations of RX J1131−1231 and HE 1104−1805. To estimate the relative X-ray image positions of RX J1131−1231 and HE 1104−1805 we modeled the Chandra images using point-spread functions (PSFs) generated by the simulation tool MARX (Wise et al 1997) . The X-ray event locations were binned with a bin-size of 0
′′
.0246 to sample the PSF sufficiently (an ACIS pixel subtends 0 ′′ .491). The simulated PSFs were fitted to the Chandra data by minimizing the C-statistic formed between the observed and simulated images. In Table 2 we compare the X-ray image separations to the observed NICMOS values reported by Morgan et al. (2006) By combining all the data for each lens we set 3σ upper limits on the 0.2-10 keV flux of any central, odd image of 1 × 10 −14 and 4 × 10 −15 ergs s −1 cm −2 for RX J1131−1231 and HE 1104−1805, respectively. These limits corresponded to a 3σ limit on the flux ratio of a factor of 50 relative to image C in RX J1131−1231, and a factor of 30 relative to image A in HE 1104−1805. While relatively tight, these limits are not strong enough to constrain the central surface density of the lens (Keeton 2003) . For example, in the models we use for HE 1104−1805 below, the expected flux ratio between image A and any central image is > 10 3 . We performed fits to the individual spectra of the images of RX J1131−1231 and HE 1104−1805 using events in the 0.4-8 keV energy range with a model that consisted of a simple power law modified by Galactic absorption. Due to the moderate S/N of the spectra, we performed these fits using the Cash statistic which does not require binning of the data, although if we instead use χ 2 statistics we find similar results. The best-fit parameters of these fits and the unabsorbed 0.2-2 keV and 2-10 keV fluxes are presented in Tables 2 and 3 . We found no significant variability (within the 90% errors) of the photon indices (Γ) of the spectra of the images of RX J1131−1231 and HE 1104−1805 with the exception of the 2004 observation of RX J1131−1231 that showed significant differences of Γ between images A/B/C with Γ ≃ 1.44 and image D with Γ ≃ 1.95. We also considered models that included neutral absorption at the redshifts of the sources or lenses of RX J1131−1231 and HE 1104−1805. We do not detect any additional neutral absorption at these redshifts. This is consistent with the marginal detection of absorption in HE 1104−1805 in our earlier analysis .
In Figure 2 we show the Chandra image of the 2004 observation of the lensed system RX J1131−1231 and the surrounding field. To reduce background contamination and to enhance possible soft extended X-ray emission we filtered the image to include only photons with energies ranging between 0.4 and 3.0 keV. The image was binned with a bin size of 0.5 arcsec and adaptively smoothed with the tool CSMOOTH developed by Ebeling et al. (2000) . CSMOOTH smooths a two-dimensional image with a circular Gaussian kernal of varying radius. We confirm the extended soft X-ray emission reported by Morgan et al. (2006) centered at 11 32 1.6, −12 31 6.5 (J2000) and about 158 arcsec Northeast of image D of RX J1131−1231. This emission comes from a foreground cluster at z = 0.1. Morgan et al. (2006) also reported a possible detection at a low significance level (3 σ) of extended emission centered 33 arcsec Southwest of RX J1131−1231 at 11 31 50.1, −12 32 23 (J2000). We combined all six observations of RX J1131−1231 listed in Table 1 , for a total exposure time of 33.8 ksec, to better limit this possible source. All the observations from 2006 were performed in sub-array mode to mitigate pile-up and with the reduced field of view they do not include the foreground cluster to the Northeast of the lens. Figure 3 shows the adaptively smoothed image including only photons with energies from 0.4 to 3.0 keV. We find no significant sources of extended emission near the lens beyond the foreground cluster. The 0.2-2. keV 3σ upper flux and luminosity limits are 5 × 10 −15 ergs cm −2 s −1 and 1.3 × 10 42 ergs s −1 , respectively, assuming a cluster with a temperature of 1.5 keV at the lens redshift with an abundance of 0.3 solar and an extraction radius of 30 arcsec.
We fit the emission from the foreground cluster using a β model for the cluster brightness profile combined with a uniform background of 0.005 events per pixel. Prior to performing the fit we binned the image in 1 ′′ pixels and smoothed this with a Gaussian (σ = 3 ′′ ). The fits were performed with the CXC software package SHERPA. We find that the cluster center is ∆α = 150 We extracted the spectrum of this z = 0.1 cluster from a 50 arcsec radius circle centered on the X-ray cluster center. This spectrum was fit with a simple model consisting of an emission spectrum from hot diffuse gas based on the XSPEC model mekal modified by Galactic absorption. We obtain best-fit values for the temperature and metal abundances of 1.2 +0.2 −0.1 keV and A = 0.5 +0.5 −0.2 , respectively (both errors are at the 90% confidence level). The 2-10 keV luminosity of this cluster of galaxies is 1.7 × 10 42 ergs sec −1 . These are consistent with the Morgan et al. (2006) estimates and the values for the temperature, β and the core radius are consistent with the observed correlations of clusters (e.g. Jones & Forman 1999) .
We also stacked the images of the six observations of HE 1104−1805 listed in Table 1 for a total exposure time of 71.8 ksec. Figure 4 shows the adaptively smoothed image of HE 1104−1805 including only photons with energies from 0.4 to 3.0 keV. We find no significant sources of extended emission. The 0.2-2 keV 3σ upper flux and luminosity limits are 3.4 × 10 −15 ergs cm −2 s −1 and 5.7 × 10 42 ergs s −1 , respectively, assuming a cluster with a temperature of 1.5 keV at the lens redshift with an abundance of 0.3 solar and an extraction radius of 30 arcsec.
Timing Analysis
The 0.2-10 keV time-delay corrected light curves of the images of RX J1131−1231 and HE 1104−1805 are shown in Figures 5a and 5b respectively. Significant X-ray flux variability is detected in all images. RX J1131−1231 shows a mixture of intrinsic and microlensing variability. If we normalize the first epoch for image D to match the optical light curves, we find that images B, C and D roughly track the optical light curves and show similarities in their time variability. In Figure 6a we show the flux ratios F A /F C , F B /F C , and F D /F C in the 0.2-10 keV and R-bands of RX J1131−1231. The flux ratio F B /F C is almost constant in both the X-ray and optical bands indicating that the observed variability in images B and C is correlated and therefore mostly intrinsic in origin. Image A shows a completely different behavior. It is a factor of ∼ 4 fainter in the X-rays than the optical relative to C/D in 2004, comparable to the optical in the spring of 2006, and a factor of ∼ 5 brighter by the fall of 2006. Since the 2006 observations come in clusters with temporal separations of order the A/B/C time delays, we can be confident that these differences are not due to intrinsic variability modulated by the time delay. The significant rise of the F A /F C ratio in the X-ray band compared to the one measured in the Rband supports our microlensing interpretation of the flux enhancement in image A of RX J1131−1231. We note that the flux ratios reported in our analysis for the 2004 observation of RX J1131−1231 are different from those reported by Blackburne et al. (2006) because of the correction for the loss of counts due to pile-up and the correction for the spectral distortion due to pile-up. We see no strong evidence for variations in the spectral hardness, but this is a weak statement given the limited count rates.
HE 1104−1805is also affected by intrinsic X-ray variability. In particular, the peak in the optical flux near 4100 days seems likely to be associated with a peak in the X-ray flux. In Figure 6b we show the flux ratios F A /F B in the 0.2-10 keV and R-bands of HE 1104−1805. The February/March and October/November epochs are roughly separated by the time delay, so we can reasonably conclude that the X-ray flux ratio near 4050 days (observed A) is approximately F A /F B ≃ 1 and very different from the optical flux ratio of F A /F B ≃ 3. Since there is no evidence for significant soft X-ray or dust absorption (see §2.3, Dai et al. 2006 , Poindexter et al. 2008 ) this difference in flux ratios must be due to microlensing. In §3 we proceed with fitting the light-curves of HE 1104-1805 with a sophisticated microlensing model. The microlensing analysis of the light-curves of RX J 1131-1231 will be presented in a companion paper by Dai et al. (2009) . As with RX J1131−1231, we see no evidence for variations in the spectral hardness, largely due to the large uncertainties.
3. x-ray microlensing in he 1104−1805 We modeled the microlensing in HE 1104−1805 as in Morgan et al. (2008a) and Poindexter et al. (2008) using a fixed 162 day time delay, the R-band light curve constructed from our SMARTS data , OGLE (Wyrzykowski et al. 2003) , and Ofek & Maoz (2003) , and the delay-corrected X-ray flux measurement. The main free parameters of our lensing model for HE 1104−1805 are the X-ray and UV (rest-frame) scale lengths, a microlens mass scale, a mass fraction of the local surface density comprised of stars, and a velocity vector describing the motion of the AGN emission region across the microlensing caustics. We used the lens model sequence from Poindexter et al. (2007) , where we start from a constant mass-to-light ratio model for the mass distribution, defined by f M/L = 1, and then reduce its mass in 10% increments while adding an NFW halo, where f M/L = 0 would correspond to a pure halo model. The measured time delay requires f M/L ≃ 0.3. We made 8 random realizations of the star fields near each image and then generated 8192 2 pixel magnification maps using the methods of Kochanek (2004) . The maps had an outer scale of 10R E = 4.3 × 10 16 cm and an inner scale of 10R E /8192 = 4.3 × 10 13 cm. Based on its emission line widths, Peng et al. (2006) estimated that the black hole mass in HE 1104−1805 is M BH = 2.4 × 10 9 M ⊙ , corresponding to a gravitational radius of r g = GM BH /c 2 = 3.6 × 10 14 cm that is well-resolved in the magnification maps. We modeled the surface brightness of the emission regions as a face-on, thin disk (Shakura & Sunyaev 1973) without the central temperature depression,
where the scale length
cm is the radius at which the disk temperature matches the rest wavelength of the observations, kT = h p c/λ rest ,Ṁ is the accretion rate, L/L E is the luminosity in units of the Eddington luminosity and η = L/(Ṁ c 2 ) is the accretion efficiency. We scale the results assuming a radiative efficiency of η = 10%. While the available energy of accretion is larger, the division of that energy between radiative, advective and kinetic losses is not directly calculable at present. Studies of the growth of black holes tend to find that the average radiative efficiency of accretion is less than 10% (e.g. Shankar et al. 2007) , and low radiative efficiencies are also needed to reconcile thin disk theory with microlensing accretion disk size estimates (e.g., .
For the UV (rest-frame) emission we can neglect the central temperature depression provided R λrest >> R in where R in ≃ 2r g is the inner edge of the disk. While this thermal accretion disk model is not appropriate for the non-thermal X-ray emission, Mortonson et al. (2005) have shown that microlensing essentially measures the half-light radius of the emission region, so we used the same profile for the X-rays to simplify the computations but regard it as a measurement of the half-light radius R 1/2 = 2.44R λ . The microlenses were given a power-law mass distribution dN/dM ∝ M −1.3 with a dynamic range in mass of a factor of 50, roughly matching the Galactic disk mass function of Gould (2000) , and we use a uniform prior on the mean microlens mass of 0.1M ⊙ ≤ M ≤ M ⊙ . We modeled the probability distribution for the physical velocities as in Poindexter et al. (2008) where our projected velocity onto the lens plane is 73 km/s, the velocity dispersion of the lens is 308 km/s based on the critical radius of the mass model, and the lens and source have rms peculiar velocities of 153 and 71 km/s respectively. The data were then modeled using the Bayesian Monte Carlo method of Kochanek (2004) .
The microlensing data constrains the source velocity and size in "Einstein" length units of M 1/2 cm. We can determine the true sizes using the prior on the microlens masses, the prior on the physical velocities or both. Figure 7 shows the probability distribution found for M assuming the prior on the physical velocities. While the distribution peaks at somewhat lower mass (∼ 0.05M ⊙ ) than the range of our prior (0.1M ⊙ to 1.0M ⊙ ), the distribution is so broad (0.005M ⊙ to 0.9M ⊙ at 1-σ) that we can view them as statistically consistent. For example, none of the results depend significantly on the inclusion of the mass prior. Since the mass scales as
where v e is the physical velocity from the prior andv e is the Einstein-unit velocity estimated from the microlensing models, it is difficult to tightly constrain the mean mass with a single lens given the unknown peculiar velocities of the lens and source even with perfect knowledge of the Einstein-unit velocity. Figure 8 shows the raw estimates of the source sizeŝ r s in Einstein units, where r s =r s M/M ⊙ 1/2 . Both of these are scaled source sizes R λ defined by the emission profile presented earlier in this section. The consequence of adding the prior on the microlens masses is to drive the source sizesr s to be modestly smaller. In essence, a given level of microlensing variability can be created by a large source moving rapidly (bigr s andv e ) or a small source moving more slowly (smallr s andv e ). But high effective velocities correspond to small mass scales given a fixed physical velocity, so imposing the mass prior given the distribution seen in Figure 7 will favor lower velocitiesv e and smaller sourcesr s . It will have less effect on the physical source size r s =r s M/M ⊙ 1/2 because the smaller sizer s is balanced by the larger mass scale M/M ⊙ (see Kochanek 2004 ). While Figure 8 truncates the probability distribution for the X-ray source at the pixel scale of the magnification patterns, it would not converge to zero if we used magnification patterns with smaller pixel scales to extend the distribution to smaller source sizes. This is a consequence of not having a well-sampled X-ray light curve. The source must be small enough to allow the Xray flux ratio to differ from the optical, but still smaller sources are disfavored because even more discrepant flux ratios become more likely. However, reducing the size still further has no effect on the probabilities because it converges to the likelihood of the data points avoiding precise caustic crossings. Unfortunately, this does mean that we will obtain robust upper limits on the X-ray source size but not lower limits. Figure 9 shows the results for the rest-frame UV and X-ray source sizes R λ assuming either uniform or logarithmic priors for the size. We used R λ for both so that the sizes are easily compared. If we regard the source size at 2000Å as measuring a projected area, then R λ scales as (cos i) −1/2 for inclination angle i of a thin inclined accretion disk. Similarly, the X-ray size in Figure 9 should be increased by a factor of 2.44 to convert from R λ to the half-light radius R 1/2 . The disk size at 2000Å (R-band in the rest frame at z s = 2.32) is 15.6 ≤ log(R 200 cos(i)/cm) ≤ 16.2 for a logarithmic prior on the size and 15.8 ≤ log(R 200 cos(i)/cm) ≤ 16.3 for a linear prior on the size. This agrees well with our earlier estimates in Poindexter et al. (2008) and Morgan et al. (2008a) . The X-ray size is less certain and more prior-dependent, with an estimated half-light radius 14.2 ≤ log(R X,1/2 /cm) ≤ 15.0 for a logarithmic prior on the size and 14.6 ≤ log(R X,1/2 /cm) ≤ 15.3 for the linear prior on the size. We note that the difference in the sizes is entirely driven by the significant differences between the X-ray and optical flux ratios at the time of the X-ray observation.
The microlensing data also prefer lens models with low stellar mass fractions, as shown in Figure 10 .The probability distribution peaks at f M/L ≃ 0.2, in relatively good agreement with the value of f M/L = 0.3 that agrees best with the measured time delay and a Hubble constant of H 0 = 72 km s −1 Mpc −1 . While this preliminary result does not lead to a microlensing constraint on f M/L that is tight enough to break the degeneracies between the radial mass distribution and the Hubble constant (see Kochanek 2002) , it is encouraging that there is agreement with the time delays given the expected value of H 0 and that the microlensing requires a dark matter-dominated mass distribution. A detailed microlensing analysis of RX J1131−1231 that provides similar constraints on the structure of the lens and the structure of the quasar is presented in Dai et al. (2009) . Figures 11 and 12 show an example of a trial that fits the data well. In this trial the Einstein unit source sizes are logR λ = 14.2 and 16.2 for the X-ray and UV rest-frame sources respectively and the effective velocity corresponds to a sensible microlens mass scale. We chose this solution mainly because of the curious origin of the initial R-band peak, where what might be interpreted as a single heavily smoothed caustic crossing is actually a pair of competing caustic crossings in the A and B images, where the A image dominates because of its shallower magnification gradients. The X-ray epoch then corresponds to time when the source is in a valley between caustics in both images. We note that this particular solution probably would not reproduce the wavelength dependence of the optical and IR flux ratios in HE 1104−1805 discussed and modeled Poindexter et al. (2008) .
discussion and conclusions
While there is a consensus that the origin of the keV X-ray continuum emission from quasars is inverse Compton scattering (e.g., see the review of Reynolds & Nowak 2003) , the extent and geometric configuration of the emission region is less clear. In the standard disk-corona model (e.g., Haardt & Maraschi 1991; Merloni 2003) , it is produced in a hot, extended corona surrounding the disk. In the general relativistic MHD simulations of Hirose et al. (2004 , also Machida & Matsumoto 2003 ) the region of the corona with the highest current densities lies close to the inner edge of the disk. Under the assumption that these are also the regions with the highest dissipation rates for heating the corona (see Hirose et al. 2004 ), they will dominate the X-ray emission and we would expect the X-ray source size to track the inner edge of the disk.
Microlensing of the X-ray source allows us to observationally measure the size of the X-ray emission region. We start with well-sampled optical light curves that allow us to determine the size of the accretion disk. Morgan et al. (2008a) found a clear scaling of the disk size with black hole mass that is consistent with the M 2/3 BH scaling of simple thin disk theory for a fixed Eddington accretion rate (Shakura & Sunyaev 1973) . We can estimate the disk size by two routes other than microlensing. First we can estimate it from the observed flux at some wavelength. Size estimates from the observed flux do not depend on the black hole mass but depend only on the assumed temperature profile and the assumption that the disk radiates as a black body at that temperature. Second, thin disk theory predicts the scale length through the expression we presented in the beginning of §3. Size estimates from thin disk theory depend on the black-hole mass, the Eddington factor and the wavelength. The disk size from our microlensing analysis is roughly consistent with thin disk theory if the accretion efficiency is relatively low, but both the microlensing and theoretical sizes are significantly larger than that estimated from the observed optical flux of the quasar and the same disk model. This mismatch between the sizes estimated from microlensing and from the flux was first pointed out by Pooley et al. (2007) . One solution to this problem may be to use a shallower temperature profile than the T ∝ R −3/4 of simple thin disk theory, and Poindexter et al. (2008) found some evidence for a shallower profile in HE 1104−1805 by examining the optical/near-IR wavelength dependence of microlensing in this system. Our X-ray monitoring observations of RX J1131−1231 and HE 1104−1805 show significant flux variability in all images of both quasars. The factor of ∼ 20 X-ray flux variability in image A of RX J1131−1231 is interesting not only because of the high amplitude but also because it is a highly magnified saddle point image. Schechter & Wambsganss (2002) pointed out that in a dark matter dominated galaxy, microlensing is in a regime where images at minima and saddle points of the time-delay surface behave differently. In particular, the saddle point images should show significantly higher variability amplitudes, just as we observe in RX J1131−1231. The relatively large sizes of accretion disks in the optical relative to the typical Einstein radius of the stars seems to have masked much of this effect in the optical signatures of microlensing -for example, where the X-ray flux ratio F A /F C changed by a factor of 4 during our monitoring period, the optical flux ratio changed by only a factor of 1.4. The differences between the X-ray and optical flux ratios of HE 1104−1805 also imply the presence of X-ray microlensing. Neither system shows evidence for soft X-ray or dust absorption that could explain the differences.
While we measure the source sizes by modeling the data in detail, the essence of the measurement is comparing the amplitude of the X-ray microlensing variability to that in the optical. If the amplitude for the X-ray microlensing is larger than in the optical, then the X-ray source must be more compact, and this is what we observed in both RX J1131−1231 and HE 1104−1805. Given the estimated black hole mass of M BH = 2.4 × 10 9 M ⊙ (Peng et al. 2006) , our fits to the X-ray and optical light curves using the microlensing model described in §2.5 indicate that the X-ray emission in HE 1104−1805 comes from a region smaller than ∼ 6r g and the UV emission region has a size of ∼ 30r g . We note that the source sizes of HE 1104−1805 were derived using a Bayesian analysis which requires a prior. As shown in Figures 8 and 9 our upper limit on the X-ray source size is robust to prior selection but not the lower limit. Obtaining a more precise X-ray size estimate requires a more extensive X-ray light curve for the system. This is somewhat challenging for HE 1104−1805 because the long time delay of HE 1104−1805 (162 days, Morgan et al. 2008a ) and the intrinsic variability we observe here means that this lens requires observations separated by the time delay in order to correct for intrinsic variability. This is less of a problem for almost all other candidates for Xray monitoring because they have far shorter time delays. For example, in RX J1131−1231 we observe some intrinsic variability but it is significant only on time scales much longer than the delays between the A/B/C images. Given the Morgan et al. (2008b) estimates for PG 1115+080, the Dai et al. (2009) results for RX J1131−1231, and our present results for HE 1104−1805, the X-ray microlensing results suggest that the size of the X-ray emission arises from close to the inner edge of the disk. Thus, our estimated sizes for the X-ray and UV emission regions place significant constraints on AGN models that assume extended coronal envelopes around accretion disks. Reducing the uncertainties in these measurements and measuring the scaling of the size with the estimated masses of the black holes requires longer X-ray time series and more systems, but there is clearly no technical barrier to making the measurements and extending them to the dependence of the size on X-ray energy.
Combining the data from the time series also allows us to search for extended emission from groups or clusters near the lens, which can be important for lens models (e.g. Williams et al. 2006 , Fassnacht et al. 2007 ). Here we analyzed the X-ray data for the foreground cluster found near RX J1131−1231 by Morgan et al. (2006) in more detail, and set limits on the presence of any other clusters near both systems (see §2.4). We also used the combined images to search for central or odd images, although this is challenging given the resolution of Chandra and the expected faintness of the images. While we reached 1σ limits on the flux ratios of > 100, significant constraints on the central images require limits better by another order of magnitude (Keeton 2003) .
We acknowledge financial support from NASA via the Smithsonian Institution grant SAO SV4-74018. CSK acknowledges financial support from NSF grant AST-0708082 and Chandra grants G06-7093 and GO7-8104. Table 1 . The stacked image was filtered to include only photons with energies ranging between 0.4 and 3.0 keV and adaptively smoothed. We have indicated with a cross the location of the reported, but low significance, extended X-ray emission claimed to possibly originate from a lensing cluster of galaxies. There is no indication of any extended emission. -Probability density of the microlens mass scale M given our model for the estimated physical velocities. The peak is consistent with our alternate prior on the mass scale (0.1M ⊙ < M < M ⊙ ) but broader because it is difficult to tightly constrain the mass scale using the velocities. Here the pixel scale and the mean Einstein radius correspond directly to the magnification patterns. The solid curves use only the velocity prior while the dashed lines add the mass prior. The mass prior eliminates low mass, high velocity, large source size solutions. Given our single X-ray data point, the probability distribution for the X-ray source would converge to a non-zero constant if we extended the calculations to still smaller sources using higher resolution magnification patterns. We show the values of R λ for the assumed surface brightness profile so that the size ratios will be correct. Physically, the disk size at 2000Å can be increased by a factor of (cos i) −1/2 for the inclination of the disk i, and the X-ray size should be regarded as a measurement of the half-light radius with R 1/2 = 2.44R λ . Vertical lines mark the gravitational radius rg = GM BH /c 2 and accretion disk size given the wavelength, the estimated black hole mass, and Eddington limited accretion with an efficiency of η = 0.1. The final vertical line marks the Einstein radius for solar mass stars. A -B (mag) Fig. 12. -The R-band and X-ray magnitude differences for the trial shown in Fig. 11 as compared to the observations. This trial was chosen because it fit the data well and we found the origin of the initial peak as a pair of competing caustic crossings in the two images intriguing. The dramatic differences in the vertical scales show that an X-ray light curve of this lens should be much more dramatic than the R-band.
